Background: Due to the world research for non-carcinogenic risk assessment of heavy metals in the processed meat products, the aim of the present study was to determine the contents of heavy metals (Cu, Pb, and Zn) and associated health risks through consumption of sausage and ham marketed in Hamadan city in 2016. Methods: In this descriptive study, 30 samples from 10 brands of sausage and 30 samples from 10 brands of ham (totally 60 samples) were collected from the market basket of Hamadan city. After preparation and processing of the samples in the laboratory, the concentration of metals was determined using inductively coupled plasma-optical emission spectrometry. The health risk index (HRI) was assessed based on the ratio of average daily intake of metal (DIM) to the reference dose of the metal. All statistical analyses were performed using SPSS (version 20).
Background
Heavy metals are the most dangerous pollutants that are generated by natural and anthropogenic activities (industries, urbanization, mining, etc.). They can cause serious adverse health effects to human because of some characteristics such as very long half-life, no biodegradability, and bioaccumulation. Therefore, due to the presence of heavy metals in the environment, the human is exposed to them especially via food consumption (1, 2) .
Some toxic heavy metals are deposited as residues in food, during processing. They may be very harmful even at low levels when ingested over a long time (3, 4) .
Copper known as an essential nutrient for good health is necessary for body pigmentation. In addition to Fe, it has roles in the prevention of anemia and the maintenance of a healthy central nervous system. Its role is interrelated with the function of Fe and Zn in the body. However, it is toxic and can cause adverse health effects such as liver and kidney damage or even death of animals, by acute or chronic intoxications if its level exceeds the maximum permitted values (5) (6) (7) (8) (9) .
Lead is well known for its toxic and adverse health effects on public health especially development of abnormalities, deficits in intelligence quotient, and neurotoxic effects in infants. It can cause constipation, colic, and anemia in human (6) (7) (8) 10) .
Zinc similar to Cu plays an important role in biological systems and therefore, known as an essential element (9, 11) . The main roles of this element can be described as functional and structural. Functionally, it is involved as a catalyst in enzymatic systems by binding to substrates, thereby favoring various reactions, especially in the meditation of redox reactions. Structurally, Zn functions as a critical component of important biological molecules (12) (13) (14) (15) . It should be noted that despite this element is vital for growth, Zn may play an important role in cancer incidence and harm some physiological activities like breathing (16, 17) .
In general, Pb accumulates in the plants and animals and therefore its content is magnified in the food chain. In addition, in some cases, high levels of Zn and Cu in feeds for livestock and poultry can cause contamination of produced manure. Therefore, if this manure is applied to agricultural land as organic fertilizer, it will lead to the pollution of land with heavy metals resulting in a pollution risk for human or other animals that are fed with the plants issued from that field (2, 18, 19) .
Throughout the past few decades, human population has faced changes in lifestyle and food habits. Therefore, the demand has increased for processed foods especially cow's meat products including sausage and ham. In this regard, the rise of food production and subsequent development of processing technologies has increased the chance of food contamination with various pollutants, especially toxic heavy metals (2) .
Risk assessment is a part of risk analysis, the results of which are qualitative or quantitative explanations of the likelihood of harm associated with exposure to a chemical. In this regard, the human health risk assessment requires identification, collection, and integration of information on the chemicals health hazards, exposure of human to the chemicals, and relationships between exposure, dose, and adverse effects (16, 20) .
Objectives
In view of the concern for food safety, this study for the first time in Iran was conducted to determine the levels and non-carcinogenic risk assessment of Cu, Pb and Zn in 10 different brands of beef sausage and ham marketed in Hamedan city in 2016.
Methods

Sample Collection
In this study, according to the Cochran's sample size formula, 30 samples from 10 major brands of three types of beef sausage (German, frankfurter, and cocktail) and 30 samples from 10 major brands of three types of beef ham (martadella, dry, and jambon) consumed in Iran were purchased from different markets in Hamadan city and used for analysis of concentration of Cu, Pb, and Zn.
Chemicals and Reagents
Standard stock solutions of different metal ions at the concentration of 1000 µg/mL were used to prepare working solutions after appropriate dilution (4). Standard solutions were of analytical grade (Sigma-Aldrich, Spain). Distilled deionized water was used in all dilution procedures.
Chemical Analyses
10 g of each sample was accurately weighed and transferred to 150 mL flasks. A mixture of high-purity HNO 3 -H 2 SO 4 (12:2 v/v) (Merck, Germany) was added. The samples were left at room temperature overnight. Then the glass funnels were inserted into the flasks for refluxing and gradually heated on the hot plate. The presence of sulfuric acid prevented the solution from drying out at increased temperature. However, sulfuric acid could cause charring and if this occurred, as in the case of foods with a high carbohydrate or fat content, nitric acid was added dropwise and refluxing continued. The digestion was completed with the appearance of white fumes of SO 3 or HClO 4 . The entire procedure was also carried out for two blanks, containing the same amount of acids as the samples. Then, digested solutions were filtrated through a filter paper with blue ribbon and were transferred into graduated test tubes and made up to 20 mL with double-distilled water (ddH 2 O) (4, 21). Finally, for Cu, Pb and Zn analyses with three replications, a Varian710-ES inductively coupled plasma-optical emission spectrometry was used in this study.
Statistical Analysis
The statistical analysis of the obtained results was conducted first with Shapiro-Wilk test for normality. The mean levels of heavy metals were compared with maximum permissible limits using a one-sample test. Finally, to compare the mean levels of heavy metals between the sausage and ham samples, Independent T Test was performed.
Analysis of Food-Related Health Risks
In the present study, human health risks posed by chronic exposure to the heavy metals were computed as follows:
First, the average daily intake of metal (DIM) was calculated using Equation 1 (22, 23) :
here C metal , C factor , and D food intake represent the heavy metal levels in analyzed foodstuffs (mg/kg), conversion factor (0.085), and daily intake of sausage and ham (8.20E0-3 kg per person per day) for the exposure duration (assumed 70 years), respectively. In addition, B average weight indicated average body weight equal to 70.0 kg for adults and 15.0 kg for children (22, 24, 25) .
In the second step, the health risk index (HRI) was assessed for the local population via the consumption of sausage and ham using Equation 2 (22, 23): In this equation, DIM and RfD indicate daily intake of metal (mg) and reference dose of metal (mg/kg/day), respectively. The oral reference doses were 0.04, 0.0035, and 0.30 for Cu, Pb, and Zn, respectively. An HRI < 1 means that the exposed population is assumed to be safe (26, 27) .
The total HRI (THRI) of heavy metals for sausage and ham was calculated according to Equation 3 (22, 23) : (3) T HRI = HRI (toxicant 1
Results
The contents of Cu, Pb, and Zn in the analyzed samples are presented in Table 1 . Data in Table 1 show that the percentage of metals contamination of sausage and ham samples reached 100%. Among the analyzed samples, Cu was detected in amounts ranging from 1.13 to 3.00 mg/kg for sausage and 1.20 to 2.00 mg/kg for ham. In addition, Pb was detected in amounts ranging from 0.15 to 0.70 mg/kg for sausage and 0.20 to 0.50 mg/kg for ham. Zn was detected in amounts ranging from 2.23 to 6.71 mg/kg for sausage and 1.13 to 5.77 mg/kg for ham.
Based on the independent one-sample t-test comparing the heavy metal contents in foodstuff samples with the maximum permissible levels (10.0, 0.20, and 50.0 mg/kg for Cu, Pb, and Zn, respectively) established by FAO/WHO for processed meat products including sausage and ham (28) (29) (30) (31) , it was revealed that the mean contents of Pb observed in all samples were higher than the MPL.
The results of independent samples t-test showed that there was a significant difference between sausage and ham samples in the mean contents of Zn; t (58) = 2.107, P = 0.049. The Pearson's correlations analyses were performed on metal concentrations in sausage and ham samples to understand the relationships between them. Based on the results, we did not detect any significant correlation between Cu and Pb (r = -0.197, P = 0.586), Cu and Zn (r = 0.267, P = 0.456), and Pb and Zn (r = 0.148, P = 0.684) in sausage samples. In addition, there was no significant correlation between Cu and Pb (r = 0.416, P = 0.231), Cu and Zn (r = 0.501, P = 0.140), and Pb and Zn (r = 0.494, P = 0.147) in ham samples.
All the calculated HRI values of heavy metals were within the safe limits (HRI < 1) in the current study (Table 2). Furthermore, the THRI values in sausage samples, which varied from 1.05E-03 to 2.96E-03 for adults and from 3.64E-03 to 1.38E-02 for children, and in ham samples, which varied from 9.06E-04 to 2.11E-03 for adults and from 4.22E-03 to 9.85E-03 for children, were within the safe limits (THRI < 1). Therefore, we can conclude that people might have no potential significant health risk through only consuming the analyzed foodstuffs.
Discussion
Copper
In the present study, the mean contents of Cu (mg/kg) in Sausage and ham samples were 1.88 ± 0.69 and 1.48 ± 0.25, respectively, which were much lower than the MPL (10.0 mg/kg). In this regard, the mean levels of Cu were 0.22 ± 0.06 mg/kg in sausage (sosis) marketed in Turkey (4), 0.84 ± 0.12 mg/kg in sausage, and 0.73 ± 0.08 mg/kg in ham marketed in Romania (2) . The results of evaluation of some heavy metals in sausage marketed in Saudi Arabia showed that the mean value of Cu in samples was 18.51 ± 0.54 mg/kg that was higher than the MPL (32) . In addition, our results were in accordance with the results obtained by Santhi et al. (2008) who reported that Cu contents ranged 0.53 -2.85 mg/kg in ham from Chennai, India (33).
Lead
The results showed that the mean contents of Pb were 0.35 ± 0.18 mg/kg in sausage samples and 0.32 ± 0.11 mg/kg in ham samples that were higher than the MPL (0.20 mg/kg) in 80% of both food product samples. Therefore, one needs to be cautious in the consumption of some brands of sausage and ham containing elevated levels of Pb. In this regard, control of the sources of this element in foodstuffs including industrial Pb aerosols, contaminated raw materials, shipping and/or processing of food, and the manufacture of processed meat products is recommended. Also, despite the mean levels of Pb in the analyzed samples were higher than the MPL, the computed health risk index of Pb showed no potential risk for adults and children via consumption of sausage and ham under the current consumption rate. In a recent study, Dasbasi et al. (2016) found an average content of 0.10 ± 0.03 mg/kg for Pb in sausage marketed in Turkey (4). Also, the mean levels of Pb were 0.82 ± 0.006 mg/kg in sausage and 0.65 ± 0.005 mg/kg in ham marketed in Romania (2), 15.43 ± Chennai, India (33).
Health Risk Index Values Analysis
As shown in Table 2 , HRI values of Cu, Pb, and Zn for children and adults are less than 1. Here, the average HRI value in sausage samples was 5.39E-04 for adults and 2.51E-03 for children and in ham samples, it was 4.61E-04 for adults and 2.16E-03 for children. Therefore, it can be concluded that target population might have no potential significant health risk through only consuming analyzed processed meat products under the current consumption rate from the study area. However, the non-carcinogenic risks were greater for children than for adults.
Conclusion
According to the results, although the mean levels of Cu and Zn were lower than the MPL (10.0 and 50.0 mg/kg for Cu and Zn, respectively), considering that the mean contents of Pb observed in 80% of all samples exceeded the MPL (0.20 mg/kg), serious attention should be paid to the discharge of pollutants to the environment, chemicals residue monitoring especially for toxic heavy metals in the foodstuffs, and control of heavy metals content during the whole production process of sausage and ham.
Research Limitations
Although the research has reached its aims, there were some unavoidable limitations as described below:
1. Due to the insufficient funds, there was no possibility for conducting the study on other processed meat products such as chicken sausage and ham.
2. The size, convenience, and homogeneity of the sample limit the generalizability of the results of this research to all processed meat products. 
